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A positioning system for coal wagons oriented towards
unattended spiral coal unloaders

Lyu Yiguang, Sun Kaiming, Hao Ming, Wang Gang

(' Intelligent Manufacturing Research Institute, Heilongjiang Academy of Sciences, Harbin 150090, China )

Abstract: Currently, China’s energy structure remains predominantly reliant on coal. Enhancing the efficiency and safety of coal loading
and unloading within the transportation process is crucial for the stability of the energy supply chain. Traditional railway gondola coal
unloading operations have long depended on manual control of spiral unloaders, which presents significant issues such as high labor
intensity,, low efficiency, and safety risks, urging the industry towards intelligent transformation. To address this, this paper designs an
unmanned spiral unloader system based on machine vision. The system’s hardware integrates high-performance industrial cameras,
specialized lighting, and a traversing mechanism to establish a stable image acquisition platform. The software combines image processing
and deep learning algorithms, with its core innovation being a novel method for positioning coal wagons. This method deploys two vision
systems working collaboratively: a fixed side system identifies the wagon number using a deep learning model combining CNN and LSTM,
querying a database to obtain the wagon’s standard geometric parameters; an overhead mobile system, driven by the traversing mechanism,
scans the wagon contour, utilizing edge detection and contour extraction techniques to acquire real-time actual contour features. By fusing
the real-time visual data with standard parameters and performing coordinate transformation, the system accurately calculates the wagon's
position and orientation in the global coordinate system, providing a critical spatial reference for the unloader’s automated control.
Experimental results demonstrate that this method effectively accomplishes wagon number and region segmentation, yielding reliable
positioning data that meets the accuracy requirements for unattended operation. The system successfully achieves automation and intelligence
in the unloading process, significantly improving operational safety and efficiency. It provides substantial technical support for upgrading
railway coal handling equipment and holds promising potential for broader application within the bulk material logistics field.
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Fig. 1 Environment of the coal unloading operation
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Fig.2 System block diagram
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Tab. 1 Hardware selection for vision system
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Fig.3  Block diagram of coal-carrying carriage
localization method based on machine vision
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Fig.4 Block diagram of geometric information extraction
method for coal-carrying carriage based on machine vision
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Fig. 6  Flow of coal-carrying carriage localization method

based on machine vision

1) FEECRE, i B e g DAL AR SRis 4

IR

2) PRRTALEE, 04 PG 22 A L FE R 6
BT LR R

3) RHIEBEHL, A Canny B0 FHE7 04K, 6
FH findContours PR B4 R 19 #6 B AR 27



A Zh b 8 R 5 H

2026 4F 45 & T M

Techniques of Automation and Applications 161

4) TR, AR 4R B0 B O 4 A DX
O FI A X

5) B AR BR A BRI A B Y AR A AR G
R FHARIEFIUAR E SR, KRR AR B R AR 2R

6) MBI AENL, HA FILALE FSCHE s AL AR T
FIRZERFRE,

3 LR R

N T BUEAR TR R AT AT S A R o AL AR o
(32 AR LA 5 SR BOT IR AT, L4 SR an 1 7
JIEAS o NS PR A8 oK A L R 4 DR 5 % o 7 194 985 7 X I
Bl 7(b) o BEAEIRE BITET A0 /NAE BEIE R, HEBR 4 AR S
B DA LRI 18T 7 (o) 2RI LR WA A
(077 35 REAT 8500 A R4

P 8 S LT ML e L 14 3z J5E A IR S 37 7 3k B9 7 R o
FIGE R 30 J A R A N - 4 5 10 R i AR B
RN 8(b) , LA 5 e DX B4 /N o35 B 145
A8 SRR HE DX 20 2R M5 15 57 e N e E L P IR
RKIXEAE R 8 (c) . WEIHATLUE i, A J7 kT LIA
R0 AR IR X, SRy A R o 4 3t P A S B il

(a) HHiEZ

(b) X3GE S
B7 FERSEAEER

Fig.7 Carriage number segmentation result
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Fig. 8 Carriage segmentation result
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